Two corn hybrids, one resistant (FR35 ¥ FR20) the other susceptible (DF20 ¥ DF12) to storage fungi, were harvested and hand-shelled at 22% moisture, wet basis, and stored at this moisture in aerated l-kg bin units. Four Rovral® fungicide treatments plus an untreated control were tested using carbon dioxide evolution as the index of grain-deterioration rate. Equations of carbon dioxide weight versus time were fitted. The resistant corn hybrid manifested a lower deterioration rate than did the susceptible hybrid. Samples treated with fungicide showed a reduction in grain-deterioration rate compared with untreated samples. ABSTRACT. TWO corn hybridsy one resistant (FR35 xFR20) the other susceptible (DF20 xDF12) to storage Jungi, were harvested and hand-shelled at 22% moisture, wet basis, and stored at this moisture in aerated l-kg bin units. Four Rovral® fungicide treatments plus an untreated control were tested using carbon dioxide evolution as the index of graindeterioration rate. Equations of carbon dioxide weight versus time were fitted. The resistant corn hybrid manifested a lower deterioration rate than did the susceptible hybrid. Samples treated with fungicide showed a reduction in graindeterioration rate compared with untreated samples.
C
arbon dioxide production was used by Bailey and Gurjar (1918) as a quantitative method for measuring the rate of respiration in wheat. They sealed wheat samples of known moisture content in jars and used barium hydroxide solution to absorb CO2. The respiratory rate was expressed in terms of mg CO2 respired per 100 g dry matter per 24 h.
Gross respiration of a grain mass under aerobic conditions has been modeled as the complete oxidation of a carbohydrate (Steel et al., 1969) and is represented by equation 1 (oxidation of glucose):
Ce H12 06 + 6O2 -> 6CO2 + 6H2O + 2,835 kJ (1) According to equation 1, a 1.0% loss in grain dry matter (carbohydrate) is accompanied by the evolution of 14.7 g C02/kg of grain dry matter. The carbon dioxide produced here can be used as an index of the deterioration rate of stored corn (Saul and Lind, 1958; Saul and Steele, 1966; Steele, 1967; Fawole, 1969; Seitz et al., 1982; Fernandez et al., 1985; Friday et al., 1989) . According to Saul and Steele (1966) , com can lose up to 0.5% of its original dry matter or 7.35 g C02/kg dry matter through deterioration before grain quality is reduced by one commercial grade because of damaged kernels.
Steele et al. (1969) studied factors affecting CO2 evolution by both grain respiration and microorganism growth; these factors included grain moisture content, grain-storage temperature, and mechanical damage. 
EXPERIMENTAL PROCEDURES

HYBRID SELECTION
The choice of hybrids for this research was based on the study conducted by Friday (1987) . Two hybrids were selected; one had been shown to be resistant and the other to be susceptible to storage fungi. The selected resistant hybrid, FR35 x FR20, demonstrated the smallest drymatter loss rate of all the hybrids studied by Friday, and the susceptible hybrid, DF20 x DF12, demonstrated the greatest dry-matter loss rate.
The two selected hybrids were planted in May 1990 at the Agronomy and Agricultural Engineering Research Center, 15 km west of Ames, Iowa. They were handharvested in October 1990 when they had reached about 22% moisture (wet basis).
SAMPLE PREPARATION
After harvesting, kemels were removed from cobs by hand-shelling. The samples were then passed through a Kice miniaspirator to remove any fines or light material by using the air velocity level (16 m/s), recommended by Al-Yahya et al. (1991) . All damaged kemels such as large broken kemels and those damaged by insects or infected by field fungi were also removed. The remaining kemels were assumed to have 3% mechanical damage (Saul and Steele, 1966) .
The samples were kept at 4° C for about three days and were then transferred into -10** C storage and kept at this condition until testing. According to Fernandez et al. (1985) , com stored at -lO"* C responds to storage fungi almost the same as freshly harvested com. Samples were thawed at room temperature for 6 h prior to fungicide application.
EXPERIMENT 1 -FUNGICIDE APPLICATION
Treatments are defined in table 1. Each treatment was applied to a 1300-g com sample. Water was added so that the liquid application rate was 3.48 mL/kg (3 fl oz/bu). Water alone was applied to treatments 1 and 2.
Each 1300-g com sample was spread in a 20 x 35-cm dish, and fungicide solution was sprayed on the com with a 1-mL syringe to ensure that each com kemel was treated with fungicide. Each sample was then placed in a plastic bag and shaken for 3 min. A 150-g sample was removed from each treatment for moisture determination and other tests. The remaining grain was used for the CO 2 test. verified by gas chromatography on 50-mL samples. The potassium-hydroxide solution was changed every three days.
Humidification. The relative humidity of the airstream was controlled by bubbling the airstream through two 250-mL Drechel gas-washing bottles in series. The first bottle was filled with water and the second with a saturated potassium sulfate solution. This salt solution conditioned the air to about 97% relative humidity. This air maintained the com at a moisture content of approximately 21.5% throughout the experiment.
Sample Storage and Aeration. The sample storage and aeration component consisted of a 122-cm (4-ft) long and 4.44-cm (1.75-in.) intemal diameter plexiglas tube, which used 5 cm (2 in.) of fiberglass as a permeable floor. Air passing through the storage unit was controlled by both a manifold air-distribution unit and a needle valve and monitored by Matheson Model PM-1022 Acrylic Purge Flowmeters calibrated with a Gilmont No. 12 flowmeter. Airflow rates were set at 0.45 m^/min-t (0.4 cfm/bu) of com throughout storage. The system was checked for air leaks at intervals of approximately 6 to 8 h.
Water Absorption. H2O and CO2 are produced during grain and microorganism respiration, and are carried out by air passing through the storage unit. In this experiment, two drying agents were used to absorb water vapor. The first agent was a 1:1 mixture of 8-mesh drierite (anhydrous CaS04) and 8-mesh indicating drierite (97% CaS04 and 3% C0CI2) which turns from light blue to pink as it absorbs water. It was placed in a plexiglas tube 46 cm (18 in.) long and 2.54 cm (1 in.) in diameter. The airstream was then passed through the second agent, Mg[C104]2, which was placed in a plexiglas tube 30.5 cm (12 in.) long and 2.54 cm (1 in.) in diameter. This second drying agent was used only to ascertain whether any water passed untrapped through the first agent. Because the second drying agent did not change color when it absorbed water, 5 cm (2 in.) of the first drying agent was placed at the bottom of the second drying agent as a further indicator of unabsorbed water. Carbon Dioxide Absorption. For this component, the ascarite used in previous studies for absorbing CO2 was replaced by sulaimanite, a mixture of vermiculite and potassium hydroxide solution (Al-Yahya, 1991) . CO2 in the airstream was absorbed in sulaimanite in a plexiglas tube 46 cm (18 in.) long and 2.54 cm (1 in.) in diameter. Segments of drying agents drierite and magnesium perchlorate were placed below the sulaimanite in the column to absorb water liberated from the sulaimanite, according to the chemical equation:
2KOH + CO2 -> K2CO3 + H2O
The carbon dioxide absorption column contained 30.5 cm of sulaimanite (top layer), 5 cm of magnesium perchlorate (middle layer), and 10 cm of drierite (bottom layer). Readings of CO2 weight were taken every 6 to 15 h throughout the tests. The sulaimanite columns were changed every three to four days, their color changing from dark to light gray upon absorption of CO2. We assumed that all CO2 was trapped by this system. This assumption was verified by gas chromatograph analysis of gas samples Table 3 . Equations of CO2 production (g/kg dry matter) vs. time (h) by resistant com hybrid FR35 X FR20 after treatments of fungicide drawn from the system at several times during testing. The CO2 column was changed when weight had increased about 3 g. After each test, the system was disassembled and cleaned in the following order: warm water, soap, warm water, and cold distilled water.
STATISTICAL ANALYSIS
A statistical analysis was done using the SAS statistical package on results of the main experiment, a randomized complete block design which included 10 treatment combinations consisting of two hybrids each with five Rovral® treatments. The study had two replications and was blocked in time. A two-way analysis of variance (ANOVA) was used for the data collected in the carbon dioxide tests. Orthogonal contrasts were used to make comparisons among treatment means (Snedecor and Cochran, 1989). Comparisons were made for resistant versus susceptible hybrids, fungicide treatments, control samples, and interactions between hybrids and fungicide treatments, for times required for the dry-matter loss to reach 0.5 and 1.0%.
RESULTS AND DISCUSSION
EFFECT OF CORN HYBRID ON CARBON DIOXIDE PRODUCTION
Equations of time versus carbon dioxide produced by fungicide-treated and control samples of susceptible hybrid are presented in figure 2 and table 2, and in figure 3 and  table 3 • There is no significant interaction between hybrid and fungicide treatment. • There is no significant difference between oil and 1/2 oil. • There is no significant interaction between hybrid and oil treatment.
• There is no significant interaction between hybrid and carrier (activator or oil). Values for the other studies were adjusted to the same conditions of the current study, i.e., 26° C (78.8° F) storage temperature, 21.6% com moisture, 3% mechanical damage. The Steele data were also adjusted to account for hybrid susceptibility and resistance using multipliers of 0.91 and 1.25, respectively. These multipliers were calculated as the average ratio of storage times for susceptible and resistant corn in this study to Steele's times adjusted to our conditions. Times predicted using Friday's method reflect susceptibility and resistance multipliers that he had determined. Friday's predictions are consistently higher than times observed in the current study and times computed with Steele's equations. Except for susceptible corn at 0.25% DML, Steele's predicted times are also higher than those of this study, but are much closer to them than are Friday's predictions.
EFFECT OF CARRIER ON CO2 PRODUCTION
Results of the carrier effects experiment are shown in figure 4 and tables 7, 8, and 9. Storage times to 0.5 and 1.0% DML are shown in table 8; statistical analysis results are shown in table 9. Times to 0.5 and 1.0% DML are significantly higher for oil-treated samples than for control samples, and times for oil + Rovral®-treated samples are significantly higher than for oil-treated samples.
CONCLUSIONS
The study led to the following conclusions: • The resistant com hybrid FR35 x FR20 lost 0.5 and 1.0% dry matter in significantly longer times than did susceptible hybrid DF20 x DF12.
• Com samples treated with Rovral fungicide lost 0.5 and 1.0% dry matter in significantly longer times than those required for untreated corn samples. Treated sample times to 0.5 and 1.0% dry matter loss were 124 and 114% of untreated sample times, respectively. Storage times observed in this study were similar but less than times predicted by previous studies of Steele and Friday for the same conditions. Fungicide carrier (oil) significantly extended the storage time to 0.5 and 1.0% dry matter loss, but not as much as treatment with oil + fungicide.
